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ABSTRACT

Despite the growing interest in the therapeutic potential of propolis, limited attention has been paid to the chemical
composition and biological activity of water extract propolis produced by Malaysian stingless bees. Thus, this study
aimed to determine the phytochemical composition and antibacterial potential of ethanolic extract propolis (EEP)
and water extract propolis (WEP) of the stingless bee species, Heterotrigona itama against ten pathogenic bacteria.
The phytochemical analysis of the extracts was carried out using the gas chromatography-mass spectrometry (GC-
MS) technique. The antibacterial activity was determined using the disc-diffusion, minimum inhibition concentration
(MIC), and minimum bactericidal concentration (MBC) methods. The GC-MS analysis of EEP exhibited four
volatile compounds including hexamethylcyclotrisiloxane, 2-hydroxy-2-cyclopenten-1-one, 2-coumaranone, and
diethyl bis(trimethylsilyl) ester silicic acid. However, only two compounds were identified in WEP, consisting of
2-(acetoxymethyl)-3-(methoxycarbonyl)biphenylene, and hexamethylcyclotrisiloxane. EEP showed the highest
antibacterial activity against all Gram-positive bacteria (Bacillus subtilis, Enterococcus faecalis, Enterococcus
faecium, Micrococcus luteus, Staphylococcus aureus, Streptococcus mutans) with values of the inhibition zones
ranging from 7 to 10 mm. However, both extracts showed no antibacterial activity against Gram-negative bacteria,
except WEP, which displayed an inhibition zone of 9.33 + 1.53 mm against Escherichia coli. Meanwhile, EEP
showed the lowest MIC and MBC values against M. luteus at 70 and 280 ug/mL, respectively. The results revealed
the presence of several volatile compounds in the EEP of H. jtama which could contribute to its antibacterial activity,
particularly against Gram-positive bacteria.
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throughout the Malay Archipelago encompassing Peninsular Malaysia,
Malaysian Borneo, Singapore, Southern Thailand, and the islands of
Java, Kalimantan, and Sumatra. The insect plays a critical role as a
pollinator for diverse crops, which are essential components of the
economy (Khalifa et al., 2021; Azmi et al., 2022). In Malaysia, H. itama
is extensively domesticated in the meliponiculture industry, mainly for
the production of honey, and propolis (Ivorra et al., 2020).
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Propolis is a resinous substance produced by bees from the selective collection of plant buds or exudates
(Kustiawan et al., 2023). It is used as a sealant for beehives and acts as a protective barrier against foreign
invaders as well as against weathering of the hive (Salleh et al., 2022). Propolis hardens the wall of hives and
contributes to an aseptic internal environment (Pasupuleti et al., 2017). The antimicrobial property of propolis plays
a significant role in the beehive’s defense against bacteria, viruses, and other pathogenic microorganisms that may
invade the colony (Touzani et al., 2019). Additionally, propolis has been used in traditional medicine for centuries
and is highly regarded for its numerous health benefits, including antioxidant, antibacterial, antiviral, antifungal,
anti-inflammatory, and immunomodulatory activities (Popova et al., 2021). In recent years, there has been a surge
of interest in the health-promoting properties of propolis, leading to extensive research on its biological applications
(Al-Hatamleh et al., 2020). Propolis produced by Apis mellifera, which is the most common honeybee species in
Europe, Africa, and the Middle East, has been dominating the field of propolis research and commercialization
(Anjum et al., 2019). However, recent research suggests that propolis produced by stingless bees (Meliponinae)
has greater nutritional and medicinal benefits in comparison to honeybee propolis (Al-Hatamleh et al., 2020; Salleh
et al., 2022). The unique foraging behavior of stingless bees, which involves visiting a diverse range of plant
species to collect resin, pollen, nectar, and other plant-derived materials, may contribute to this greater value
(Asma et al., 2019).

Stingless bee propolis represents a vast repository of chemical diversity, containing a wide range of
phytochemical compounds such as polyphenols, amino acids, steroids, terpenoids, and inorganic compounds
(Kasote et al., 2019; Popova et al., 2021). The variability in its chemical composition and consequent biological
activities depends on various factors, such as geographical location, seasonality, botanical origin, bee species, and
extraction solvents (Popova et al., 2021). Typically, propolis extracts are obtained through conventional methods
using ethanol as the solvent to attain a low-wax propolis extract while retaining its rich bioactive compounds,
particularly polyphenols (Devequi Nunes et al., 2018). However, several disadvantages have been associated with
propolis ethanolic extract such as strong residual flavor, and adverse reactions or intolerance to alcohol which limit
its application in the cosmetics, pharmaceutical, and food industries (Kubiliene et al., 2015; Salleh et al., 2021).
In contrast, water extract propolis has the advantages of being safe for human health and the environment, and
biocompatible for use in the pharmaceutical and healthcare sectors (Kubiliene et al., 2018). Hence, this study
aimed to determine the phytochemical constituents and antibacterial properties of ethanolic and water extracts of
H. itama propolis against several human pathogenic bacteria.

MATERIALS AND METHODS
Propolis collection

Propolis produced by stingless bees H. itama was collected from a local apiary, Belantara SR Enterprise
(N 3°40°42.1818” E 10° 31’ 14.5416”), Hulu Bernam, Selangor in December 2021. The colonies were housed in
wooden nest boxes under the shade with predominant vegetation consisting of Lamiaceae, Myrtaceae, Rubiaceae,
Fabaceae, Lythraceae, Scrophulariaceae, Elaeocarpaceae, Sapindaceae, Moraceae, and Anacardiaceae. The
stingless bee species was identified by an entomologist from the Centre for Insect Systematics (CIS), Universiti
Kebangsaan Malaysia with the accession number CIS-TRI-2022-02 (Adli et al., 2022). The propolis sample was
collected by scraping the inside of the hives using a clean stainless-steel spatula. Crude propolis was cleaned, air-
dried, and stored in a polyethylene bag at -20 °C until processing.

Preparation of Ethanolic Extract Propolis (EEP)

The EEP was prepared according to the method described by Pobiega et al. (2019) with slight modifications.
Briefly, 10 g of the propolis was ground into a fine powder and mixed with 100 mL of 70% ethanol in a 1:10 (w/v)
ratio. Then, the sample was incubated at 25 °C and continuously shaken at 250 rpm for 48 h. The suspension was
filtered using Whatman No. 1 filter paper (Millipore, USA) and the filtrate was evaporated under reduced pressure
(Rotavapor R-215, Blichi, Switzerland) at 40 °C. The concentrated extract was centrifuged at 3,900 x g for 10 min
to eliminate wax. Next, the extract was freeze-dried (SCANVAC Coolsafe™, model 110-4, Denmark) and kept at 4
°C in a dark container until further use.

Preparation of Water Extract Propolis (WEP)

The WEP was obtained following the procedure described by Al-Ani et al. (2018) with slight modifications.
An amount of 10 g of propolis was ground into a fine powder and dissolved in 50 mL of distilled water at a 1:5 ratio
(w/v). Next, the sample was heated on a hot plate with constant stirring at 60 °C for 7 h. The suspension was filtered
using Whatman No. 1 filter paper (Millipore, USA), and the filtrate was centrifuged at 28,000 x g for 30 min. The
supernatant was concentrated under reduced pressure to produce the extract, freeze-dried, and kept at 4 °C in a
dark container until use.

Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

The phytochemical analysis of the extracts was carried out using Agilent G-7890A (Agilent Technologies
Inc., California, USA) GC-MS system equipped with a 5975C inert MSD with the triple-axis detector, fitted with a
Hewlett Packard HP-5MS silica capillary column (30 mx0.25mm internal diameter, 0.25um film thickness). The
instrument was operated in electron impact mode with 70eV of ionization energy, and injector temperature at 250
°C. Helium gas was used as the carrier gas at a flow rate of 1 mL/min. A volume of 1 pL of the sample was injected
automatically in a 1:1 split mode. The oven temperature was initially programmed at 50 °C (hold for 3 min) and then
increased to 300 °C at 20 °C/min and hold for 2 min. The obtained data were processed and analyzed with the
Agilent ChemStation software. The identification of compounds from the spectral data was based on the available
mass spectral records from the National Institute of Standards and Technology (NIST) 2008 library. The results
were analyzed using MS full scan mode (m/z 50 - 750).
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Bacterial strains and growth conditions

A total of 10 bacterial strains were used in this study, which includes six Gram-positive bacteria (Bacillus
subtilis ATCC 6633, Enterococcus faecalis ATCC 29212, Enterococcus faecium ATCC 51858, Micrococcus luteus
ATCC 48732, Staphylococcus aureus ATCC 25923 and Streptococcus mutans clinical isolate) and four Gram-
negative bacteria (Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 700603, Pseudomonas aeruginosa
ATCC 9027 and Salmonella typhimurium ATCC 14028). The stock cultures were maintained in nutrient agar (NA)
slant at 4 °C. Working cultures were prepared by inoculating a loopful of each test microorganism in 10 mL of
Mueller-Hinton Broth (MHB) from NA slants and incubated at 37 °C for 18-24 h. The density of overnight cultured
was standardized to 0.5 McFarland solutions (1 x 108 CFU/mL) before being used for the antibacterial assay.

Sample preparation

A stock solution of EEP and WEP was prepared by dissolving 0.1 g of dry extract in 100% dimethyl
sulfoxide (DMSO) to produce the final concentration of 100 mg/mL. The working solutions were prepared by diluting
the stock solution with sterile distilled water until the concentration reached 10 mg/mL.

Disc diffusion assay

Antibacterial susceptibility test of propolis extracts was performed by disc diffusion method against
bacterial strains following Clinical and Laboratory Standards Institute (CLSI) guidelines (CLSI, 2018). Petri dishes
with Mueller-Hinton Agar (MHA) were seeded with 0.5 McFarland bacterial suspension using a sterile cotton swab
to obtain lawn culture. Each sterile blank disc (6 mm in diameter) was impregnated with 30 uL of the extracts and
allowed to dry. Subsequently, the discs were placed on the surfaces of MHA plates that were pre-inoculated with
bacterial cultures and incubated at 37 °C for 24 h. All tests were carried out in triplicates. Standard antibiotic discs
were selected according to the sensitivity of the bacteria tested. Gentamicin (10 pg/disc) and ceftriaxone (30 pg/
disc) were used as positive controls, while 10% DMSO served as a negative control. The results were obtained by
measuring the diameter of the inhibition zone around the discs. Antibacterial activity was expressed as the mean
zone of inhibition diameters (mm) produced by the extracts.

Minimum Inhibitory Concentration (MIC)

The MIC of the extracts was determined using the modified resazurin broth microdilution method (Sarker
et al., 2007). MIC was evaluated on bacterial strains that showed sensitivity to the extracts in the disc diffusion
assay. A two-fold serial dilution of each extract, with starting concentration of 100 mg/mL was prepared using cation-
adjusted MHB as a diluent, resulting in concentrations of 9000 to 35.2 ug/mL. A 50 uL of bacterial suspension (1 x
108 CFU/mL) was then dispensed using a micropipette into each of the above-loaded wells. All tests were carried
outin triplicate using a sterile 96-well microtiter plate. Each microplate consisted of a set of controls: sterility control
(broth only), growth control (broth and bacteria), and negative control (1% DMSQO). Gentamicin and ceftriaxone
were used as positive controls with an initial concentration of 1 mg/mL. The plates were incubated at 37 °C for 24
h. After incubation, 10 pL of 0.01% resazurin indicator solution (Sigma Aldrich, US) was added to each well and
incubated for another 2 h at 37 °C under anaerobic conditions. Color changes were observed and recorded. The
lowest concentration of extracts with no color change (blue resazurin color remained unchanged) was taken as the
MIC. This experiment was conducted in triplicate.

Minimum Bactericidal Concentration (MBC)

To determine the minimum bactericidal concentration (MBC), 10 pL of the culture from each well of the
micro broth assay was sub-cultured on MHA plates after 24 h of incubation. MHA plates were further incubated for
24 h. The lowest concentration of extracts that exhibited no bacterial growth was deliberated as the MBC values.
The experiment was repeated in triplicate for each bacterial strain.

Statistical Analysis

Values were expressed as mean * standard deviation (SD). The data were analyzed using one-way
analysis of variance (ANOVA) followed by Tukey’s test using the SPSS program for Windows, version 17.0 (SPSS,
IL, USA). Differences between groups were considered significant at p-value< 0.05.

RESULTS
GC-MS analysis

The GC-MS analysis of EEP and WEP revealed the presence of several volatile compounds as listed
in Table 1. Four compounds were identified in EEP consisting of hexamethylcyclotrisiloxane (9.62%), 2-hydroxy-
2-cyclopenten-1-one (4.68%), 2-coumaranone (4.25%), and diethyl bis(trimethylsilyl) ester silicic acid (0.05%).
Meanwhile, the two compounds identified in WEP were 2-(acetoxymethyl)-3-(methoxycarbonyl)biphenylene
(2.39%), and hexamethylcyclotrisiloxane (5.94%).

Disc diffusion assay

Table 2 shows the mean diameter of inhibition zones produced by each extract on tested bacteria. The
EEP demonstrated antibacterial activities against all tested Gram-positive bacteria, with inhibition zones ranging
from 7.00 to 10.00 mm. EEP exhibited the greatest zone of inhibition at 10.00 + 0.58 mm against M. luteus.
Although the antibacterial activity of WEP was significantly lower than EEP, it still exhibited inhibition against B.
subtilis and S. mutans, with an inhibition zone of 6.00 + 0.00 and 6.33 + 0.29 mm, respectively.

jms.mabjournal.com 79



Zohdi et al., 2023 Malaysian Applied Biology

However, none of the extracts showed activity against all tested Gram-negative bacteria, except WEP with
an inhibition zone of 9.33 + 1.53 mm against E. coli. The positive controls, gentamicin, and ceftriaxone, showed
the greatest antibacterial activities against all tested bacteria with significant inhibition zones ranging from 10.67 to
37.33 mm, and 12.00 to 41.67 mm, respectively.

Table 1. Chemical compounds in ethanolic extract propolis (EEP) and water extract propolis (WEP) of H. itama

Compound Compound Retention time Area (%)
group (min)

EEP WEP
Hexamethylcyclotrisiloxane Organosilicon 14.718 9.62 2.39
2-(Acetoxymethyl)-3-(methoxycarbonyl) . 15.040 - 5.94

. Aromatic compound

biphenylene
2-hydroxy-2-cyclopentene-1-one Carbonyl group 5111 4.68 -
2-Coumaranone Ketone 7.782 4.25 -
Diethyl bis(trimethylsilyl) ester silicic acid Silicon ester 14.058 0.05 -

Table 2. Zone of inhibition of ethanolic extract propolis (EEP) and water extract propolis (WEP) against selected pathogenic
bacteria

Inhibition zones (mm)

Bacteria EEP WEP Gentamicin' Ceftriaxone?
Gram-positive bacteria

B. subtilis 8.67 +0.58° 6.00 + 0.00° 21.33 £ 0.58° 23.67 £ 0.58°

E. faecalis 7.00 £ 0.00° - 11.00 £ 0.00° 15.33 + 3.06°

E. faecium 7.00 £ 0.00° - 10.67 + 0.58° 16.00 + 0.00°

M. luteus 10.00 + 0.58° - 37.33 £1.53° 41.67 +1.15°

S. aureus 8.00 £ 0.00° - 23.67 + 1.15° 22.00 + 1.73°

S. mutans 8.00 £ 1.00° 6.33 £ 0.29° 20.00 + 0.00¢ 12.00 + 3.46°
Gram-negative bacteria

E. coli - 9.33 +1.532 21.33 £ 0.58° 29.67 £ 0.58°

K. pneumoniae - - 11.33 £ 0.58° 16.00 = 1.00°

P. aeruginosa - - 22.00 £ 0.002 20.50 £2.182

S. typhimurium - - 17.67 + 0.582 29.67 + 0.58°

Values are expressed as mean + standard deviation of three replicates. The mean in the same row with different superscripts is significant at
p<0.05. 'Gentamicin at 10 pg/disc; 2Ceftriaxone at 30 ug/disc; “-”: no inhibition zones observed.

Minimum Inhibitory Concentration (MIC)

The effectiveness of the extracts on tested bacterial strains was determined by measuring the minimum
inhibitory concentration (MIC) (Table 3). The EEP showed MIC values of 2250 ug/mL against E. faecalis and 4500
pg/mL against E. faecium, S. aureus, and S. mutans. Furthermore, EEP exhibited the lowest MIC value of 70 ug/mL
against M. luteus. The WEP showed antibacterial activity against S. mutans with a MIC of 9000 pg/mL. However,
no inhibition was observed against B. subtilis and E. coli for EEP and WEP at a concentration of 9000 pg/mL.

Table 3. The minimum inhibitory concentration (MIC) of ethanolic extract propolis (EEP) and water extract propolis (WEP) against
selected pathogenic bacteria

Concentration (ug/mL)

Bacteria EEP WEP Gentamicin’ Ceftriaxone?
Gram-positive bacteria
B. subtilis >9000.00 + 0.00 >9000.00 + 0.00 1.56 £ 0.00 0.78 £ 0.00
E. faecalis 2250.00 £ 0.00 - 2250.00 + 0.00 2250.00 £ 0.00
E. faecium 4500.00 £+ 0.00 - 4500.00 + 0.00 4500.00 + 0.00
M. luteus 70.00 £ 0.00 - 70.00 £ 0.00 70.00 £ 0.00
S. aureus 4500.00 £ 0.00 - 4500.00 + 0.00 4500.00 + 0.00
S. mutans 4500.00 £ 0.00 4500.00 + 0.00 4500.00 + 0.00 4500.00 + 0.00
Gram-negative bacteria
E. coli - >9000.00 + 0.00 0.39+0.00 0.10 £ 0.00
K. pneumoniae - - 12.50 £ 0.00 50.00 + 0.00
P. aeruginosa - - 1.56 + 0.00 3.13+0.00
S. typhimurium - - 3.13+0.00 0.39+0.00

Values are expressed as mean + standard deviation of three replicates. “-”: no bacterial growth at all tested concentrations; “>9000.00”: more than

9000.00 pg/mL required to inhibit the growth of tested bacteria.
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Minimum Bactericidal Concentration (MBC)

From Table 4, EEP was shown to exhibit bactericidal activity against S. aureus and S. mutans with an
MBC value of 4500 pyg/mL. However, EEP exhibited bacteriostatic activity against E. faecalis (9000 ug/mL), E.
faecium (9000 pg/mL), and M. luteus (280 pg/mL) since the MBC values were higher than the MIC values of the
respective bacteria as shown in Table 3. It is also worth noting that WEP exhibited bacteriostatic effects against S.
mutans (9000 pg/mL).

Table 4. The minimum bactericidal concentration (MBC) of ethanolic extract propolis (EEP) and water extract propolis (WEP)
against selected pathogenic bacteria

Concentration (ug/mL)

Bacteria EEP WEP Gentamicin' Ceftriaxone?
Gram-positive bacteria

B. subtilis >9000.00 + 0.00 >9000.00 + 0.00 1.56 + 0.00 0.78 £ 0.00

E. faecalis 9000.00 + 0.00 - 25.00 £ 0.00 12.50 £ 0.00

E. faecium 9000.00 £ 0.00 - 6.25 +0.00 3.13+0.00

M. luteus 280.00 +0.00 - 1.56 + 0.00 1.56 + 0.00

S. aureus 4500.00 + 0.00 - 0.10 £ 0.00 6.25 +0.00

S. mutans 4500.00 + 0.00 9000.00 + 0.00 0.11 £ 0.00 12.50 £ 0.00
Gram-negative bacteria

E. coli - >9000.00 + 0.00 0.39+£0.00 0.10 £ 0.00

K. pneumoniae - - 12.50 £ 0.00 50.00 + 0.00

P. aeruginosa - - 1.56 + 0.00 3.13+£0.00

S. typhimurium - - 3.13+£0.00 0.39 £ 0.00

Values are expressed as mean + standard deviation of three replicates. “-": no bacterial growth at all tested concentrations. “>9000.00”: more than
9000.00 pg/mL required to kill the tested bacteria.

DISCUSSION

The biological characteristics of stingless bee propolis are mainly attributed to its complex phytochemical
compositions that are highly variable depending on several factors including geographical region, botanical origin,
bee species, and solvents used for extraction (Abdelrazeg et al., 2020; Magnavacca et al., 2022). Organic solvents
such as ethanol and methanol are frequently used in propolis extraction due to their ability to dissolve less polar
compounds such as flavonoids, phenolic acids, and terpenoids (Mokhtar et al., 2019). On the contrary, water is
a polar solvent, and has a lower ability to solubilize less polar compounds compared to organic solvents (Zainal
et al., 2021). Therefore, previous studies have predominantly focused on investigating the chemical constituents
and biological activities of the ethanolic extract of propolis, while water extract has been given less attention.
Nevertheless, there is an increasing interest in exploring the potential applications of water extract propolis,
particularly in the pharmaceutical and healthcare industries, owing to its favorable properties such as biocompatibility,
safer for human consumption, and eco-friendliness (Kubiliene et al., 2018). Hence, the present study was carried
out to investigate the phytochemical composition and antibacterial activity of both ethanolic extract propolis (EEP)
and water extract propolis (WEP) obtained from H. itama, which is one of the most commonly reared stingless
bee species in Malaysia. Comparative analysis of the two types of extracts may provide valuable insights into their
respective potential applications in diverse fields.

In the present study, GC-MS analysis was conducted to determine the chemical profiles of the EEP
and WEP of H. itama. At least four volatile compounds were identified in EEP, consisting of an organosilicon
(hexamethylcyclotrisiloxane), a carbonyl group (2-hydroxy-2-cyclopenten-1-one), a ketone (2-coumaranone),
and a silicon ester (diethyl bis(trimethylsilyl) ester silicic acid). The WEP contained an aromatic compound
(2-(acetoxymethyl)-3-(methoxycarbonyl)biphenylene) and an organosilicon (hexamethylcyclotrisiloxane).
Hexamethylcyclotrisiloxane was identified as a major compound in several medicinal plants, such as Glochidion
candolleanum, Olea europaea, and Bauhinia acuminata, as well as two moss species, namely Cinclidotus
fontinaloides and Palustriella commutate, which exhibited potent antibacterial activity against S. aureus, B. subtilis,
E. coli, and P. aeruginosa (Mostafa et al., 2011; Krishna et al., 2015; Yayintas et al., 2017; Balachandar et al., 2022).
Another compound, 2-coumaranone, was found to be an effective nematicidal against Bursaphelenchus xylophilus,
a pine wood nematode that causes pine wilt disease (Sun et al., 2022). On the other hand, diethyl bis(trimethylsilyl)
ester silicic acid has been shown to potentially enhance the antibacterial activity of Mucuna pruriens seeds, even
at low concentrations (Kumar & Rajeshkumar, 2017).

Various studies have reported the identification of diverse chemical compounds from different stingless
bee propolis using the GC-MS technique. Some of the major compounds identified include flavonoids, terpenoids,
phenolics, hydrocarbons, aldehydes, steroids, and fatty acids (Ibrahim et al., 2018; Nazir et al., 2018; Mohamed et al.,
2020; Salleh et al., 2021). However, in the current study, the GC-MS profiles of both EEP and WEP did not coincide
with any known propolis type and demonstrated the lack of secondary metabolites previously found in propolis. The
variability of compounds found in stingless bee propolis may be ascribed to several factors, such as differences in
geographical location, season, and plant sources visited by the bees (Popova et al., 2021). Additionally, differences
in the extraction and analytical methods used in each study could also contribute to the disparities observed in the
identification of compounds (Kubiliene et al., 2015; Pobiega et al., 2019; Zainal et al., 2021; Kasote et al., 2022).
It is also noteworthy, that GC-MS analysis of the polar constituents, including flavonoids, phenolic acids, and their
esters, present in propolis requires silylation to increase their volatility (Popova et al., 2010). However, the current
study did not perform this step, which might contribute to the discrepancy in the results obtained.
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Findings from this study also indicated that H. itama propolis extracts were more effective against Gram-
positive than Gram-negative bacteria. This finding corroborated previous reports that propolis extracts were
more active against Gram-positive bacteria (lbrahim et al., 2016; Akhir et al., 2018; Almuhayawi et al., 2020).
The difference in sensitivity between Gram-positive and Gram-negative bacteria can largely be attributed to the
distinct characteristics of bacterial cell membranes (Breijyeh et al., 2020). Gram-negative bacteria tend to be more
resistant to antimicrobial agents due to the presence of additional protection provided by the outer membrane that
consists of phospholipids and lipopolysaccharides (Prajapati et al., 2021). This permeability barrier that is absent
in Gram-positive bacteria offers an intrinsic mechanism for protection against foreign substances (Breijyeh et al.,
2020). The hydrolytic enzymes produced in the outer membrane protein structure of the Gram-negative bacteria
can break down the active ingredients of propolis, thus inhibiting its antibacterial action (Sforcin, 2016; Alimuhayawi,
2020).

The higher antibacterial activity of EEP shown in this study could be attributed to the polarity of ethanol and
its capability to extract more active compounds such as phenolic acid and flavonoids. Studies have shown that the
antibacterial activity of propolis corresponds to its polyphenolic compounds such as phenolic acid and flavonoids
(Abdelrazeg et al., 2020). Furthermore, Adli et al. (2022) demonstrated that the EEP of H. itama possessed
higher total phenolic and flavonoid contents compared to WEP. Similar findings were reported by Kubiliene et al.
(2015) and Abdullah et al. (2019) who indicated that propolis extracted using alcohol and methanol yielded better
antimicrobial activity compared to water extract propolis. Additionally, it has been documented that the synergistic
activity between various active compounds particularly flavonoids and phenolic acid contributes to the complex
antimicrobial activity of propolis (Scazzocchio et al., 2006; Jug et al., 2014; Lujan et al., 2018).

CONCLUSION

This study demonstrated the importance of extraction solvents in obtaining active compounds that contribute to the
antibacterial properties of propolis. The results indicated that the EEP of H. itama displayed greater antibacterial
activity than WEP with higher efficacy against Gram-positive than Gram-negative bacteria. GC-MS analysis further
revealed the presence of several volatile compounds, suggesting their potential contribution to the antibacterial
activity of EEP. Overall, these results suggested that the EEP of H. itama holds promise as a source of antibacterial
agent and warrants further investigation.
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